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DESCRIPTION 



COMMUNICATION TERMINAL APPARATUS AND CHANNEL ESTIMATION 

METHOD 

Technical Field 

The present invention relates to a CDMA-based 
communication terminal apparatus and channel estimation 
method used in a radio communication system such as 
automobile telephone and cellular telephone. 

Background Art 

In a radio communication system, transmission 
diversity may be used on the base station side in order 
to increase reception power of transmission signals of 
individual channels (hereinafter referred to as 
''individual channel signals") on the communication 
terminal side by sending individual channel signals to 
one communication terminal from a plurality of diversity 
antennas . 

FIG.l is a system configuration diagram of a system 
disclosed in the 3GPP WGl TSG-RAN WGl Rl-99832 (Physical 
channels and mapping of transport channels onto physical 
channels (FDD) ) , as one example of a radio communication 
system using transmission diversity. 

As shown in FIG.l, base station 1 transmits common 
pilot channel transmission signal (hereinafter referred 
to as ''common pilot channel signal'') A from antenna A 



and transmits common pilot channel signal B from antenna 
B. At the same time, base station 1 transmits individual 
channel signal A to communication terminal 2 from antenna 
A and transmits individual channel signal B to 
communication terminal 2 from antenna B. 

Since individual channel signal A and individual 
channel signal B are multiplied by a same spreading code 
at base station 1, communication terminal 2 receives 
individual channel signal A and individual channel 
signal B as one inseparable signal. 

On the other hand, common pilot channel signal A 
and common pilot channel signal B are multiplied by 
different spreading codes • Or even if these two signals 
are multiplied by a same spreading code, these are made 
separable in some way. Therefore, communication 
terminal 2 can separate common pilot channel signal A 
from common pilot channel signal B, Moreover, 
individual channel signal A and common pilot channel 
signal A, and individual channel signal B and common 
pilot channel signal B are received through a same 
propagation path respectively, and therefore it is 
possible to know a phase rotation angle of individual 
channel signal B with respect to individual channel 
signal A by carrying out channel estimations of common 
pilot channel signal A and common pilot channel signal 
B. 

FIG. 2 is a l^lock diagram showing a configuration 
of a conventional communication terminal. In the 



communication terminal shown in FIG. 2, antenna 11 
receives a signal transmitted from a base station and 
sends a signal to the base station. Duplexer 12 switches 
between time zones of transmission and reception. 
Reception RF section 13 amplifies the reception signal 
that passes duplexer 12 and converts the frequency of 
the reception signal to a baseband signal. 

Despreading section 14 despreads the output signal 
of reception RF section 13 with a spreading code of an 
individual channel signal and extracts a modulated 
signal of an individual channel signal. Likewise, 
despreading section 15 despreads the output signal of 
reception RF section 13 with a spreading code of a common 
pilot channel signal A and extracts a modulated signal 
of common pilot channel signal A. Likewise, despreading 
section 16 despreads the output signal of reception RF 
section 13 with a spreading code of a common pilot channel 
signal B and extracts a modulated signal of common pilot 
channel signal B. 

Channel estimation section 17 estimates (so-called 
"channel estimation") the phase and amplitude of a 
propagation path using pilot symbols in the modulated 
signal of the individual channel signal output from 
despreading section 14. In the following explanations, 
the phase and amplitude of an estimated propagation path 
will be referred to as a ''channel estimation value". 

Likewise, channel estimation section 18 performs 
a channel estimation using pilot symbols in the modulated 



signal of common pilot channel signal A output from 
despreading section 15 and channel estimation section 
19 performs a channel estimation using pilot symbols in 
the modulated signal of common pilot channel signal B 
output from despreading section 16. 

Demodulation section 20 demodulates the modulated 
signal of the individual channel signal output from 
despreading section 14 based on the channel estimation 
value output from channel estimation section 17. 

Phase rotation control section 21 generates a phase 
rotation control signal that indicates the base station 
an amount of phase rotation based on a phase difference 
between common pilot channel signal A output from channel 
estimation section 18 and common pilot channel signal 
B output from channel estimation section 19. 

Multiplexing section 22 multiplexes the 
transmission signal and the phase rotation control 
signal output from phase rotation control section 21* 
Modulation section 23 performs primary modulation 
processing such as QPSK on the output signal of 
multiplexing section 22. Spreading section 24 spreads 
the output signal of modulation section 23 by multiplying 
it by a specific spreading code. Transmission RF section 
25 converts the frequency of the output signal of 
spreading section 24 to a radio frequency and transmits 
the signal by radio from antenna 11 via duplexer 12. 

Then, a relationship between phase difference 6 
between individual channel signals and a channel 



estimation value estimated by channel estimation section 
17 will be explained using FIG.3A and FIG.3B. 

FIG.3A shows channel estimation values when phase 
difference 6 between individual channel signal A and 
individual channel signal B is -90° ^(J^90° , while 
FIG. SB shows channel estimation values when phase 
difference 6 between individual channel signal A and 
individual channel signal B is 90° ^(5^^ 270° . 

In FIG.3A and FIG.3B, channel estimation value ^ 
(n) is expressed as a synthesized vector of channel 
estimation value/? a{n) of individual channel signal A and 
channel estimation value/3b(n) of individual channel 
signal B. Moreover, a channel estimation value 
resulting from a synthesis of -/?b(n) obtained by 
rotatingy5b(n) by 18 0° and /? a{n) is expressed as /? ' (n) . 

The longer the vectors of channel estimation values 
j3 (n) and /3 ' (n) , the greater the reception power of the 
communication terminal becomes and the reception quality 
improves . 

As shown in FIG, 3A, when phase difference 6 between 
individual channel signal A and individual channel 
signal Bis-90° ^(5^90° , /5(n) is greater than /? ' ( n ) . 

On the other hand, as shown in FIG.3B, when phase 
difference 6 between individual channel signal A and 
individual channel signal B is 90° ^ 270° , y5 ' ( n ) is 

greater than /3(n)« 

That is, when 90° ^(5^ 270° , transmitting 
individual channel signal B rotated by 180° makes it 



possible to increase reception power at the 
communication terminal . 

As shown above, in a radio communication system 
using transmission diversity, the reception quality can 
be improved by the communication terminal controlling 
the amount of phase rotation by carrying out channel 
estimations of common pilot channel signal A and common 
pilot channel signal B and the base station transmitting 
individual channel signal B by rotating its phase as 
appropriate based on the amount of phase rotation control 
and thereby increasing the reception power of the 
individual channel signals at the communication 
terminal . 

However, when the base station rotates the phase 
of the individual channel signals for every slot as 
appropriate, the reception slots at the communication 
terminal become discontiguous, and therefore the 
conventional communication terminal above fails to 
average channel estimation values over a plurality of 
slots, having a problem of decreasing the reliability 
of channel estimation values compared to a case where 
transmission diversity is not used* 

Disclosure of Invention 

It is an object of the present invention to provide 
a communication terminal apparatus and channel 
estimation method in a radio communication system using 
transmission diversity capable of improving the 



reliability of channel estimation values. 

This object is attained by estimating the amount 
of phase rotation of common pilot channel signals with 
respect to individual channel signals and carrying out 
channel estimations using common pilot channel signals 
with greater transmit power than that of individual 
channel signals. 



Brief Description of Drawings 

FIG.l is a system configuration diagram of a radio 
communication system using transmission diversity; 

FIG. 2 is a block diagram showing a configuration 
of a conventional communication terminal; 

FIG.3A illustrates a relationship between an 
amount of phase rotation and channel estimation values; 

FIG.3B illustrates a relationship between an 
amount of phase rotation and channel estimation values; 

FIG. 4 is a block diagram showing a configuration 
of the transmitting side of a base station that carries 
out radio communication with a communication terminal 
of the present invention; 

FIG. 5 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 1 
of the present invention; 

FIG.6A illustrates a relationship of channel 
estimation values according to Embodiment 1 of the 
present invention ; 

FIG.6B illustrates a relationship of channel 
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estimation values according to Embodiment 1 of the 
present invention ; 

FIG. 7 illustrates a relationship of channel 
estimation values according to Embodiment 2 of the 
present invention; 

FIG. 8 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 2 
of the present invention; 

FIG- 9 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 3 
of the present invention; and 

FIG. 10 is a block diagram showing an internal 
configuration of a multiple channel estimation value 
synthesis section of the communication terminal 
according to Embodiment 3 of the present invention. 

Best Mode for Carrying out the Invention 

With reference now to the attached drawings, 
embodiments of the present invention will be explained 
in detail below. 

FIG. 4 is a block diagram showing a configuration 
of the transmitting side of a base station that carries 
out radio communication with a communication terminal 
of the present invention. 

In the base station shown in FIG. 4, modulation 
section 101 performs primary modulation processing such 
as QPSK on a transmission signal. Modulation section 102 



performs primary modulation processing such as QPSK on 
common pilot channel signal A. Modulation section 103 
performs primary modulation processing such as QPSK on 
common pilot channel signal B. 

Spreading section 104 spreads the output signal of 
modulation section 101 by multiplying it by a specific 
spreading code. Spreading section 105 spreads the 
output signal of modulation section 102 by multiplying 
it by a specific spreading code. Spreading section 106 
spreads the output signal of modulation section 103 by 
multiplying it by a specific spreading code. 

Phase rotation section 107 rotates the phase of the 
output signal of spreading section 104 by a predetermined 
amount based on a phase rotation control signal that 
indicates the amount of phase rotation included in the 
signal transmitted from the communication terminal. 

Multiplexing section 108 multiplexes the output 
signal of spreading section 104 and the output signal 
of spreading section 105. Multiplexing section 109 
multiplexes the output signal of phase rotation section 
107 and the output signal of spreading section 106. 

Transmission RF section 110 converts the frequency 
of the output signal of multiplexing section 108 to a 
radio frequency, amplifies and sends the output signal 
by radio from antenna 112. Transmission RF section 111 
converts the frequency of the output signal of 
multiplexing section 109 to a radio frequency, amplifies 
and sends the output signal by radio from antenna 113. 



10 



By the way, the following explanations assume that 
the amount of phase rotation at phase rotation section 
107 of the base station is two kinds, "0° " and ''180° 

(Embodiment 1) 

Embodiment 1 will describe a case where the base 
station transmits individual channel signal A and 
individual channel signal B without changing their 
amplitudes . 

FIG. 5 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 1 
of the present invention. 

In the communication terminal shown in FIG. 5, 
antenna 201 receives a signal transmitted from the base 
station and sends a signal to the base station. Duplexer 
202 switches between time zones of transmission and 
reception. Reception RF section 203 amplifies the 
reception signal that passes duplexer 202 and converts 
the frequency of the reception signal to a baseband 
signal . 

Bespreading section 204 despreads the output 
signal of reception RF section 203 with a spreading code 
of an individual channel signal and extracts a modulated 
signal of the individual channel signal. Likewise, 
despreading section 205 despreads the output signal of 
reception RF section 203 with a spreading code of common 
pilot channel signal A and extracts a modulated signal 
of common pilot channel signal A. Likewise, despreading 



section 206 despreads the output signal of reception RF 
section 203 with a spreading code of common pilot channel 
signal B and extracts a modulated signal of common pilot 
channel signal B, 

Channel estimation section 207 estimates (so- 
called "channel estimation") the phase and amplitude of 
a propagation path using pilot symbols in the modulated 
signal of the individual channel signal output from 
despreading section 204. 

Likewise, channel estimation section 208 performs 
a channel estimation using pilot symbols in the modulated 
signal of common pilot channel signal A output from 
despreading section 205 and channel estimation section 

209 performs a channel estimation using pilot symbols 
in the modulated signal of common pilot channel signal 
B output from despreading section 206. 

Phase rotation amount estimation section 210 
estimates the amount of phase rotation based on the 
channel estimation values output from channel estimation 
sections 20 7 , 208 and 2 09 . By the way, a concrete method 
of estimating the amount of phase rotation in phase 
rotation amount estimation section 210 will be described 
later . 

Channel estimation value synthesis section 211 
synthesizes channel estimation values of common pilot 
channel signals based on the amount of phase rotation 
estimated by phase rotation amount estimation section 

210 and outputs a final channel estimation value. By the 



way, a concrete method of synthesizing channel 
estimation values by channel estimation value synthesis 
section 211 will be described later. 

Demodulation section 212 demodulates the modulated 
signal of the individual channel signal output from 
despreading section 204 based on the channel estimation 
value output from channel estimation value synthesis 
section 211 and extracts the reception signal. 

Phase rotation control section 213 generates a 
phase rotation control signal that indicates the base 
station an amount of phase rotation based on a phase 
difference between common pilot channel signal A output 
from channel estimation section 208 and common pilot 
channel signal B output from channel estimation section 
209 . 

In this embodiment, the amount of phase rotation 
in phase rotation section 107 of the base station is two 
kinds, ^'0° " and ^'180° and therefore phase rotation 
control section 213 outputs a phase rotation control 
signal instructing that the amount of phase rotation be 
set to "0° " when phase difference 6 between common pilot 
channel signal A and common pilot channel signal B is 
-90° ^ 6 ^90° and the amount of phase rotation be set to 
"180° " otherwise. 

Multiplexing section 214 multiplexes the 
transmission signal with the phase rotation control 
signal output from phase rotation control section 213. 
Modulation section 215 performs primary modulation 
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processing such as QPSK on the output signal of 
multiplexing section 214. Spreading section 216 
spreads the output signal of modulation section 215 by 
multiplying it by a specific spreading code. 
Transmission RF section 217 converts the frequency of 
the output signal of spreading section 216 to a radio 
frequency, amplifies and sends the signal by radio from 
antenna 201 via duplexer 202. 

Then^ a relationship of values of channel 
estimations carried out by channel estimation sections 
207, 208 and 209 will be explained using FIG.6A and 
FIG. 6B. 

FIG.6A shows a relationship of channel estimation 

values when the amount of phase rotation is "0° " and 
FIG.6B shows a relationship of channel estimation values 

when the amount of phase rotation is ''180'' 

The following explanations assume that the channel 

estimation value of individual channel signal A is ;5 
a(n) and the channel estimation value of individual 

channel signal B is /3h(n). In this case, channel 
estimation value/? (n) of the individual channel signal 
is expressed as a vector synthesized from /?a(n) and j3 
b(n) . 

Furthermore, suppose the channel estimation value 
of common pilot channel signal A is a:a(n) and the channel 
estimation value of common pilot channel signal B is a: 
b{n) . 

When the amount of phase rotation is ''O'' " as shown 
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in FIG.6A, individual channel signal A and common pilot 
channel signal A have the same phase and propagation path, 

and therefore the vector of /? a ( n ) and the vector of a 
a(n) point in the same direction, Likewise^r the vector 

of (3h{n) and the vector of ab(n) point in the same 
direction . 

Furthermore when the amplitudes of individual 
channel signal A and individual channel signal B are not 
changed at the base station, the amplitude ratio of a 
a(n) to ;6a(n) is equal to the amplitude ratio of ab{n) 
to /?b(n) . 

Therefore, channel estimation value /?(n) of the 
individual channel signal points in the same direction 

as that of synthesis result oc {n) of a:a(n) and a^b(n). 

That is, when the amount of phase rotation is "0° 
channel estimation is possible by synthesizing the 
channel estimation value of common pilot channel signal 
A and the channel estimation value of common pilot 
channel signal B. 

On the other hand, as shown in FIG.6B, when the 
amount of phase rotation is ''180° , the phase of 
individual channel signal B is rotated by 180° from the 
phase of common pilot channel signal B, and therefore 

the vector of y5b(n) and the vector of ab(n) point in 
different directions. Therefore, unlike the case of the 

amount of phase rotation of "0° , it is not possible to 
perform channel estimation using the result of a 
synthesis of channel estimation values of common pilot 



channel signals. 

However, the vector of -ab(n) obtained by rotating 
ab{n) by 180° points in the same direction as that of 
the vector of /5'b(n). Thus, /?(n) points in the same 
direction as that of result a ' (n) of a synthesis of a 
a(n) and -a:b(n) . 

That is , when the amount of phase rotation is "180° 
channel estimation is possible by synthesizing the 
channel estimation value of common pilot channel signal 
A and a value obtained by rotating the channel estimation 

value of common pilot channel signal B by 180° . 

Thus, when it is possible to estimate the amount 
of phase rotation, channel estimation is possible based 
on a channel estimation value of a common pilot channel 
signal. Moreover, since a common pilot channel signal 
has greater transmit power than that of an individual 
channel signal, the reliability of a channel estimation 
value is higher than a case where an individual channel 
signal is used. 

The method for estimating the amount of phase 
rotation in phase rotation amount estimation section 210 
will be explained below. 

When two channel estimation values are parallel, 
one channel estimation value is orthogonal to a complex 
conjugate of the other channel estimation value. The 
amplitudes of the two channel estimation values become 
a minimum when the two are orthogonal to each other. 

For example, as described above, when the amount 
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of phase rotation is "0° " ^ channel estimation value /? 
(n) of the individual channel signal points in the same 

direction as that of result OL {n) of a synthesis of the 
channel estimation values of common pilot channel 

signals, and therefore j3 (n) is orthogonal to a*{n), a 
complex conjugate of a:(n)- 

From this relation, phase rotation amount 

estimation section 210 calculates synthesis valuea ' (n) 
of channel estimation value a:a(n) of common pilot 
channel signal A and a value obtained by rotating the 

phase of channel estimation value ab(n) of common pilot 
channel signal B by 0 from expression (1) below: 
a'(n) =aa(n)+exp( j <9 ) X ab(n) (1) 
Then, phase rotation amount estimation section 210 
calculates amplitude X(^) about a predetermined 
candidate value of each 6 (in this embodiment, two kinds 
of d =0° and 180° ), estimates the candidate value 
corresponding to a minimum of X{0) as amount of phase 
rotation 0 and outputs the amount of phase rotation G 
to channel estimation value synthesis section 211. 

X{9 )= Re[a'*(n)]XRe[/?(n) 3+Im[ a ' * ( n ) ] X ini[ /? 
(n)] - (2) 

where, (•)* denotes a complex conjugate, Re[ * ] 
denotes a real part and Im[ • ] denotes an imaginary part. 

Since the communication terminal knows the phase 
rotation control signal sent to the base station, phase 
rotation amount estimation section 210 evaluates X(6) 
using the phase rotation control signal first and when 



X(6) is smaller than a threshold, it is possible to 
estimate this 0 as the amount of phase rotation G . This 
provides a high probability that the amount of phase 
rotation can be estimated by one calculation, and thus 
it is possible to shorten the time required to estimate 
the amount of phase rotation. 

Then, the method of calculating channel estimation 
values by channel estimation value synthesis section 211 
will be explained. 

Channel estimation value synthesis section 211 

enters channel estimation value /?(n) of an individual 
channel signal from channel estimation section 207, 

channel estimation value aa(n) of common pilot channel 
signal A from channel estimation section 208 and channel 
estimation valuea:b(n) of common pilot channel signal B 
from channel estimation section 209 and amount of phase 
rotation 6 from phase rotation amount estimation 
section 210. 

Then, channel estimation value synthesis section 
211 calculates final channel estimation value ^ (n) from 
expression (3) below and outputs to demodulation section 
212. 

i {n)= a:a(n)+exp{ j 0 ) X a:b(n)+/? (n) (3) 
Thus, since a common pilot channel signal has 
greater transmit power than that of an individual channel 
signal, it is possible to improve the reliability of 
channel estimation values by carrying out channel 
estimations based on the amount of phase rotation. 
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channel estimation values of a common pilot channel 
signal • 

(Embodiment 2 ) 

Embodiment 2 will describe a case where the base 
station carries out transmission by changing the 
amplitudes of individual channel signal A and individual 
channel signal B. 

The relationship of channel estimation values in 
this embodiment will be explained using FIG* 7. 

Suppose the base station sets the amplitude of 
individual channel signal B ''a'' times (hereinafter this 
"a" will be referred to as ''amplitude coefficient") the 
amplitude of individual channel signal A. When the 
amplitude ratio of aa(n) to /3a(n) is assumed to be k, 
the amplitude ratio of ah{n) to /? b ( n ) is (kXa). 

In this case^ as shown in FIG. 7, channel estimation 

value/5 (n) of an individual channel signal and synthesis 
value a (n) of common pilot channel signal A and common 
pilot channel signal B do not point in the same direction. 

Thus, when the base station carries out 
transmission by changing the amplitudes of individual 

channel signal A and individual channel signal B, (X (n) 
cannot be used as is for channel estimations, but it is 
necessary to take into account amplitude coefficient 
" a " . 

FIG. 8 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 2 
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of the present invention* In the communication terminal 
shown in FIG. 8, the same components as those in the 
communication terminal in FIG. 5 will be assigned the same 
reference numerals as those in FIG. 5 and explanations 
5 thereof will be omitted. 

The communication terminal shown in FIG. 8 has a 
configuration of the communication terminal shown in 
FIG. 5 with amplitude/phase rotation amount estimation 
section 301 added instead of phase rotation amount 
10 estimation section 210. 
g Amplitude/phase rotation amount estimation 

fy section 301 first calculates a synthesis value a ' {n) of 

channel estimation value aa{n) of common pilot channel 
Jl^. signal A and a value obtained by rotating the phase of 

15 channel estimation value a:b(n) of common pilot channel 
^ signal B by 0 from expression (4) below: 

^ a'(n)= aa(n)+aXexp{ ) X ab(n) (4) 

Then, amplitude/phase rotation amount estimation 

section 301 calculates amplitude X(a,0) about 
20 predetermined candidate values of each^ (in this 

embodiment, two types of 0=0° , 180° ) and predetermined 
candidate values of each amplitude coefficient "a" (e.g., 
a=0.5, 1.0, 2.0, etc.) from expression (5) below, 
estimates the combination of candidate values 
25 corresponding to a minimum of X{6) as amplitude 

coefficient "a" and the amount of phase rotation 6 and 
outputs amplitude coefficient "a" and the amount of phase 

rotation 6 to channel estimation value synthesis 
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section 211. 

X(a, 0 )=Re[ a'*(n)]XRe[/?(n) ]+Iin[ a ' * ( n ) ] X im [ /5 
(n)] (5) 

Channel estimation value synthesis section 211 
enters channel estimation value /? ( n ) of an individual 
channel signal from channel estimation section 207, 
channel estimation value aa(n) of common pilot channel 
signal A from channel estimation section 208 and channel 
estimation valueab{n) of common pilot channel signal B 
from channel estimation section 209 and amplitude 
coefficient a." and amount of phase rotation 0 from 
amplitude/phase rotation amount estimation section 301, 

Then, channel estimation value synthesis section 

211 calculates final channel estimation value ^ (n) from 
expression (6) below and outputs to demodulation section 

212 . 

^ (n)= aa(n)+aXexp( j 0 ) X ab(n) + /5 (n) (6) 
Thus, it is possible to improve the reliability of 
channel estimation values by carrying out channel 
estimations based on the amplitude coefficient, the 
amount of phase rotation, channel estimation values of 
common pilot channel signals even when the base station 
carries out transmission by changing the amplitudes of 
individual channel signals. 

(Embodiment 3) 

When a maximum Doppler frequency of fading is low 
and a fading variation is moderate, it is possible to 



improve the reliability of channel estimation values by 
averaging fading estimation values over a plurality of 
reception slots. 

However, as described above, when transmission 
diversity is introduced to a radio communication system, 
reception slots become discontiguous, and therefore it 
is not possible to average channel estimation values over 
a plurality of slots. 

Embodiment 3 is intended to solve this problem and 
describes a case where transmission diversity is 
introduced and channel estimation values are synthesized 
over a plurality of slots. 

FIG. 9 is a block diagram showing a configuration 
of a communication terminal according to Embodiment 3 
of the present invention. In the communication terminal 
shown in FIG. 9, the same components as those in the 
communication terminal in FIG. 5 will be assigned the same 
reference numerals as those in FIG. 5 and explanations 
thereof will be omitted. 

The communication terminal shown in FIG. 9 has a 
configuration of the communication terminal shown in 
FIG. 5 with multiple channel estimation value synthesis 
section 401 added. 

FIG. 10 is a block diagram showing an internal 
configuration of multiple channel estimation value 
synthesis section 401. 

In FIG. 10,- delay circuit 501 stores a channel 
estimation value at current time (n) and delay circuit 
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502 stores a channel estimation value at time (n-l), 1 
slot ahead. 

Delay circuit 503 stores the amount of phase 
rotation at current time (n) and delay circuit 504 stores 
the amount of phase rotation at time (n-1) , 1 slot ahead. 
Then, addition circuit 505 calculates a difference 
between the amount of phase rotation at time (n) and the 
amount of phase rotation at time (n-l). 

Phase rotation circuit 506 corrects the amount of 
phase rotation from time (n-1) to time (n) with respect 
to the channel estimation value at time (n-1) output from 
delay circuit 502 based on the calculation result of 
addition circuit 505. 

Then, synthesis circuit 507 synthesizes the 
corrected channel estimation value at time (n-1) output 
from phase rotation circuit 506 and the channel 
estimation value at time (n) output from delay circuit 
502 . 

Thus, by correcting a channel estimation value at 
a time 1 slot ahead and synthesizing this correction 
result and the channel estimation value at the current 
time, it is possible to synthesize channel estimation 
values over a plurality of slots and thereby improve the 
reliability of channel estimation values. 

This embodiment describes the case where the 
channel estimation value at a time 1 slot ahead is 
corrected and synthesized with a channel estimation 
value at the current time, but the present invention is 



not limited to a time 1 slot ahead, and it is possible 
to apply the same correction processing to a channel 
estimation value at a time any number of preceding 
reception slots ahead and synthesize it with the channel 
estimation value at the current time. 

Embodiment 3 can be combined with Embodiment 2 and 
it is possible to synthesize channel estimation values 
over a plurality of slots even when the base station 
carries out transmission by changing the amplitudes of 
individual channel signals . 

As described above, the communication terminal 
apparatus and channel estimation method of the present 
invention can improve the reliability of channel 
estimation values in a radio communication system using 
transmission diversity by using channel estimation 
values of common pilot channel signals, etc. 

This application is based on the Japanese Patent 
Application No.HEI 11-241621 filed on August 27, 1999, 
entire content of which is expressly incorporated by 
reference herein. 

Industrial Applicability 

The present invention is ideally applicable to a 
CDMA-based radio communication system. 



What is claimed is: 



1. A communication terminal apparatus comprising: 

first channel estimating means for estimating a 
common pilot channel at a first antenna of a base station 
apparatus and outputting a first estimation value; 

second channel estimating means for estimating a 
common pilot channel at a second antenna of the base 
station apparatus and outputting a second estimation 
value; 

third channel estimating means for estimating an 
individual channel and outputting a third estimation 
value; 

phase rotation amount estimating means for 
estimating the amount of phase rotation of the individual 
channel at the second antenna based on a relationship 
between said first estimation value, said second 
estimation value and said third estimation value; and 

channel estimation value synthesizing means for 
synthesizing a value obtained by rotating said second 
estimation value by said amount of phase rotation and 
said first estimation value and outputting the 
synthesized estimation value, 

2. The communication terminal apparatus according to 
claim 1, wherein the phase rotation amount estimating 
means calculates a first synthesized value by 
synthesizing a value obtained by rotating the second 



estimation value by a candidate amount of phase rotation 
and the first estimation value and estimates the 
candidate amount of phase rotation whose first 
synthesized value is most orthogonal to the third 
estimation value as the amount of phase rotation of the 
individual channel at the second antenna, and the channel 
estimation value synthesizing means synthesizes a value 
obtained by rotating said second estimation value by said 
amount of phase rotation and said first estimation value 
and outputs the synthesized estimation value. 

3. The communication terminal apparatus according to 
claim 1, wherein the phase rotation amount estimating 
means calculates a first synthesized value by 
synthesizing a value obtained by rotating the second 
estimation value by a candidate amount of phase rotation 
and multiplying by a candidate amplitude coefficient and 
the first estimation value and estimates the combination 
of said candidate amount of phase rotation and said 
candidate amplitude coefficient whose said first 
synthesized value is most orthogonal to said third 
estimation value as the amount of phase rotation and 
amplitude coefficient of the individual channel at the 
second antenna, and the channel estimation value 
synthesizing means synthesizes a value obtained by 
rotating said second estimation value by said amount of 
phase rotation and multiplying by said amplitude 
coefficient and said first estimation value and outputs 



the synthesized estimation value. 

4. The communication terminal apparatus according to 
claim 1, comprising a multiple channel estimation value 
synthesizing means for synthesizing a value obtained by 
correcting the amount of phase rotation with respect to 
the synthesized estimation value of the preceding 
reception slot and the current synthesized estimation 
value . 

5. A base station apparatus that carries out radio 
communication with the communication terminal apparatus 
according to claim 1 using transmission diversity. 

6. A channel estimation method comprising the steps of: 

calculating a first estimation value by estimating 
a common pilot channel at a first antenna of a base station 
apparatus ; 

calculating a second estimation value by 
estimating a common pilot channel at a second antenna; 

calculating a third estimation value by estimating 
an individual channel; 

calculating a first synthesized value by 
synthesizing a value obtained by rotating the second 
estimation value by a candidate amount of phase rotation 
and the first estimation value; 

estimating the candidate amount of phase rotation 
whose first synthesized value is most orthogonal to the 



third estimation value as the amount of phase rotation 
of the individual channel at the second antenna; and 
synthesizing a value obtained by rotating said 
second estimation value by said amount of phase rotation 
and said first estimation value and outputting the 
synthesized estimation value. 

7. A channel estimation method comprising the steps of: 
calculating a first estimation value by estimating 
a common pilot channel at a first antenna of a base station 
apparatus ; 

calculating a second estimation value by 
estimating a common pilot channel at a second antenna; 

calculating a third estimation value by estimating 
an individual channel; 

calculating a first synthesized value by 
synthesizing a value obtained by rotating the second 
estimation value by a candidate amount of phase rotation 
and multiplying by a candidate amplitude coefficient and 
the first estimation value; 

estimating the combination of said candidate 
amount of phase rotation and candidate amplitude 
coefficient whose said first synthesized value is most 
orthogonal to said third estimation value as the amount 
of phase rotation and amplitude coefficient of the 
individual channel at the second antenna; and 

synthesizing a value obtained by rotating said 
second estimation value by said amount of phase rotation 
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and multiplying by said amplitude coefficient and said 
first estimation value and outputting the synthesized 
estimation value. 

8. The channel estimation method according to claim 6 
that synthesizes a value obtained by correcting the 
amount of phase rotation with respect to the synthesized 
estimation value of the preceding reception slot and the 
current synthesized estimation value. 



ABSTRACT 



Phase rotation amount estimation section 210 
rotates a channel estimation value of the common pilot 
channel B signal by a candidate amount of phase rotation 
0(0=0, 180) and synthesizes the rotated channel 
estimation value and the channel estimation value of the 
common pilot channel A signal- Then, phase rotation 
amount estimation section 210 estimates an amount of 
phase rotation having this synthesis result most 
orthogonal to the channel estimation value of the 
individual channel signal as the amount of phase rotation. 
Channel estimation value synthesis section 211 
synthesizes a value obtained by rotating the channel 
estimation value of the common pilot channel B signal 
by an amount of phase rotation 0 and the channel 
estimation value of the common pilot channel A signal. 
This allows a radio communication system using 
transmission diversity to improve the reliability of 
channel estimation values* 
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P ; APPLICATION FOR UNITED STATES PATENT 

Declaration for Patent Application 

^ As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 



the invention entitled; 



COyiMUNICATION TERMINAL APPARATUS AND CHANNEL ESTIMATION METHOD 



the specification of which 

(check at least one) 3 [ x ] 

4[ ] 



2 (file no 



) 



is attached hereto 
was filed on 



as (5) U.S. Application Serial No.. 



6 [ ] and was amended 



(if applicable) 



Use this 

portion 
only if you 
are entering 

the U.S. 

National 
phase based 

on a PCT 
InternationaJ 
Application 
designating 

the U.S. 



7 [ X ] was filed as PCT international application 

8 Number PCT/JP00/0S622 



10 
11 



on August 23, 2000 



and was amended under PCT Article(s) 19 and/or 34 
on 



(if applicable). 



priority date claimed in PCT International Application 

JAPAN .TPll-241621 27/August /1999 



(Country) 



(Number) 



(Day/Month/Year Filed) 



fS, I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended, 
by a||^ amendment referred to above. 

^issfj J acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to 
patenMbility in accordance with Title 37, Code of Federal Regulations, §1.56. 

t. U I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor's 
certi^late listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
appl4^^^tion(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 
earlier than that of the application(s) on which priority is claimed. 



Prior (Foreign) Application(s) any Priority Clai ms Under 35 U.S-C 1 19 



Priority Claimed 



Ka 



(Country) 



(Number) 



(Day/Month/Year Filed) 



[ ] [ ] 

Yes No 



(Country) 



(Number) 



(Day/MonthA'ear Filed) 



[ ] 

Yes 



[ ] 

No 



Priority Claim(s) from U.S. Provisional Application(s) - I hereby claim the benefit under Title 35, United States Code, §1 19(e) of any 
United States provisional application(s) listed below: 

12b 



Application No. 



Day/MonthA'ear Filed 



Application No. 



Day/Month/Year Filed 



Do not use this 
portion to identify a 
PCT application if the 
parent application is 
the U.S. National 
phase of the PCT 
application 



I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application(s) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 
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(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 

3 _ James E. Ledbetter, Reg. No. 28732; Thomas P, Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No. 31674. 

ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
STEVENS, DAVIS, MILLER & MOSHER, L.L.P., 1615 L Street, N.W., Suite 850, Washington, D.C, 20036, 
TELEPHONE (202) 408-5100, FACSIMILE (202) 408-5200. 

See page 2 for signature lines 

'1998 Stevens, Davis, Miller & Mosber, LX.P. other side for instructions for completing this form 



STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

I hereby declare that all statements made herein of my own know ledge are true and that all statements made on information and belief are believed to be true: and furthe r 
l!hat these sfatem«nts were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 
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^ U.S. application. 

I V' (iv) If there are more than two applications to be listed we suggest that you type in on this form only "See attached Schedule A" and then hst all of the previous 
Prl applications on an attached sheet. 

line I2b Is used to claim priority under 35 USC § 119(e) based on a provisional application filed within one year of the filing of the instant application. More than 

one ^E^visional application may be identified provided neither was filed more than one year earlier. 

line ft" This block is used only in instances where there is a previously filed U.S. non-provisional application which was copending at the time the present application 

was is being) filed, that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation. In such a case the present 
application may be entitled to the priority of the previous application's U.S. filing date (and consequently the foreign priority thereof) provided the present application is 
idenf Bed as a continuing application (continuation, divisional or continuation-in-part) of the eariier (parent) application. If the foregoing is applicable, please fill in one line 
for each such prior application. 

line 14 Type the inventor's proper legal name in the order specified, e.g., "John B. JONES" or "J. Bob JONES" if the inventor so prefers. It is not acceptable to use 

only initials such as "J. B. JONES." 

line 15 The inventor's "signature" may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own 

cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name. 

line 16 Insert the actual date of signature. 

line 17 Insert simply the city and state or country, e.g., "Pans, France", of the inventor's residence , not citizenship. No street address or postal code is required on 

this line. 

line 18 Insert the inventor's citizenship. The statement of citizenship (or subject of) is a statutory requirement (35 USC §115). Simply the name of the country of 

citizenship, e.g., "Japan" is sufficient. 

line 19 Insert the inventor's mailing address. The purpose of requiring the post office address is to enable the Patent Office to communicate directly with the 

inventor if desired, such as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives his (or her) mail and should include 
the postal code. If applicable it can be the inventor's business address or address at place of employment. 

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should 
make sure that he reviews the declaration, prior to signing to make sure the declaration property identifies the application and all relevant information; and should review the 
specification and claims (including drawings, if any) before signing the declaration. Failure to do so will require the filing of a supplemental declaration — 37 CFR § 1.67(c)- 

Any handwritten changes to the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacent 
left margin must be initialed and dated by all of the inventors, e.g., "JBJ 6-9-91". 

Please let us know if there are any questions regarding proper completion of this form. Thank you. 

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in 
lines 15 and 16 above. 



